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TECHNIQUES OF SPACE G E O G W K Y ,  F7AYS OF DEVELOPING THEM AND 
TITEIR USES I N  STUDYING THE EARTH'S NATURAL RESOURCES 

B. V. Vinogradov, K. Y a .  Kondrat'yev 

ABSTRACT. A t  p re sen t ,  i n  connection wi th  t h e  development 
of space rese%rch and the  c r e a t i o n  of va r ious  h igh ly  s e n s i t i v e  

' i n s t rumen t s  €or  recording the  electro-magnet ic  r a d i a t i o n  of 
t h e  E a r t h ' s  s u r f a c e  from space,  t h e  n e c e s s i t y  has  a r i s e n  of 
developing a new s c i e n t i f i c  d i s c i p l i n e  which we c a l l  space geo- 
graphy. Space geography inc ludes  t h e  s tudy  of l o c a l ,  r eg iona l ,  
zonal  and p l ane ta ry  r e l a t i o n s h i p s  i n  the composition, s t r u c t u r e  
dynamics and rhythm of t h e  geographic sphere.  This  i s  done by 
recording the  Earth's electro-magnetic f i e l d  from a i r c r a f t  and 
i n t e r p r e t i n g  images and s p e c t r a  of t h e  E a r t h ' s  s u r f a c e  i n  
s e v e r a l  s p e c t r a l  bands f o r  t h e  use  and p rese rva t ion  of n a t u r a l  
resources .  

Closely connected wi th  space geography i s  t h e  s tudy of t h e  
E a r t h ' s  s ister p l a n e t s .  Space v e h i c l e s  record  t h e  electro-mag- 
n e t i c  f i e l d s  of t h e s e  cosmic bodies .  Therefore ,  space geography 
techniques,  bes ides  t h e i r  primary purpose, should a i d  i n  t h e  .' 
development and t e s t i n g  of o r i g i n a l  methods and s tandards  f o r  
s tudying o t h e r  p l a n e t s  from va r ious  k inds  of space vehic les .  

The methodological advantages of space  geography techniques l i e  i n  the 

t h r e e  ways of i n t e g r a t i n g  images of t he  Ear th  from space observat ions:  

t e r r i t o r i a l ,  f a c t o r  and dynamic (Vinogradov, 1966a). 

a. T e r r i t o r i a l  i n t e g r a t i o n  involves  uni fy ing  i n  one image vast  and 

s p a t i a l l y  remote elements of the geosphere i n  l a r g e  macro- and mega-structures. 

T e r r i t o r i a l  i n t e g r a t i o n  makes i t  p o s s i b l e  (by us ing  space photos) t o  s tudy  

vast t e r r i t o r i e s  s imultaneously.  It i s  p o s s i b l e  t o  show f e a t u r e s  such as 

p lane ta ry  and Eegional f r a c t u r i n g ,  l a t i t u d i n a l  and a l t i t u d i n a l  zona l i ty ,  

;5- Numbers i n  t h e  margin i n d i c a t e  the pagina t ion  i n  the o r i g i n a l  fo re ign  text. 



nacro-and mega-combinations of t he  vega ta t ion  of physico-geographic regions 

and land forms, t h e  composition of g e o l o g i c a l  macrostrucutres ,  r i n g  and 

?me-l ike u?heavals,  complex depressions of relief macroforms ( e o l i a n  r idges ,  

r i f t s ,  e t c . )  

b. Fac tor  i n t e g r a t i o n  c o n s i s t s  of u n i t i n g  i n  one image a l l  the physio- 

gnomic components of t h e  geosphere (cl imasphere,  hydrosphere, l i t hosphe re ,  bio- 

sphere and anthroposphere) 

t h e  landscape and f ind ihg  l a t e n t  components of t h e  geosphere using tracers. 

Factor  i n t e g r a t i o n  makes i t  p o s s i b l e  t o  s tudy  (by space  photographs) the 

r e l a t i o n s h i p  of t h e  composition and d i s t r i b u t i o n  of very  d i s t a n t  elements of 

t h e  geosphere and t o  trace, t o  a cons iderable  extent, the r e l a t i o n  of t h e  

frequency and dimension of e o l i a n  sand r idges  t o  geologica l  s t r u c t u r e ;  the 

r e l a t i o n  of channel c u r r e n t s  wi th  underwater river canyons; t h e  r e l a t i o n  

between cloud forms and d i s t r i b u t i o n  and the  phys ica l  p r o p e r t i e s  of the sub- 

su r face  and r e l i e f ;  the r e l a t i o n  of s eacoas t  relief w i t h  cu r ren t s  and 

movements of depos i t s  suspended i n  ocean water, etc. 

determining t h e  r e l a t i o n  between components i n  

c. Dynamic (and rhythmic) i n t e g r a t i o n  i s  based on a comparison of,succesT 

s i v e  images of t he  same t e r r i t o r y ,  obtained by the same reco rde r s  wi th  va r ious  

t i m e  i n t e r v a l s .  

of success ive  images, t o  judge the i n t e n s i t y ,  ex t en t  and frequency of n a t u r a l  

p rocesses ,  bo th  rhythmic (d iu rna l ,  annual  and seasonal)  and c a t a s t r o p h i c  

physico-geological.  Cause-effect,relationships can a l s o  be  charac te r ized  

between n a t u r a l  phenomena i n  di .s tant  t e r r i t o r i e s :  movement and development 

of cloud systems; g l a c i a l  movement; change i n  the snow cover l ine;  phenological  

changes i n  f o r e s t s ;  o r i g i n  of f o r e s t  fires; movement of water masses of 

va r ious  o r i g i n s  i n  seas and oceans,  efc. These gene ra l  characterictics of space  

geography are t y p i c a l  of a l l  space techniques of surveying n a t u r a l  resources .  

Dynamic and rhythmic i n t e g r a t i o n  makes it  poss ib l e ,  by a series 

Techniques of Space Gmgraphx 

Depending on t h e  method of r e g i s t e r i n g  geospheric  da ta ,  we d i s t i n g u i s h  

six b a s i c  types  of space photography of t h e  Earth: 1) v i s u a l  space observa t ion  
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( A  = 0.3 - 0.65 pm); 2) space photography (A = 0.3 - 1.1 urn;) 3) spec t ro-  . 

p h o t o m t r i c  record ing  (A = 0.3 - 3.0. pm); 4 )  space in f r a - r ed  recording 

( A  = 0.01 - 3 mm) ; 5) space microwave recording ( A  = 0.3 - 10 cm) ; 6) space 

r ada r  ( A  = 3 - 70 cm). 

The d i f f e r e n t  k inds  recording are no t  of equal  va lue ,  informativeness ,  

s p e c i a l i z a t i o n  and development. While some types of observa t ion  are a l r eady  

i n  use ,  o t h e r s  are i n  t h e  ground and a i r  t e s t i n g  s t ages .  

1. V i s u a l  Space Observations 

Visual  observa t ions  from manned space v e h i c l e s  (MSV) have been made by 

many a s t r o n a u t s ,  and some of t h e i r  observa t ions  have been publ ished (Shepart$, 

1961; Cooper, 1963; Nikolayev, Popovich, 1963; Resta, 1965, e t c . ) .  

From mannedvehicles(MJ.7) a t  a l t i t u d e s  of 200 - 300 k m ,  a s t ronau t s  have 

observed and d i s t ingu i shed  o b j e c t s  of very  s m a l l  s i z e  and low c o l o r  con t r a s t .  

Unforeunately , t he  primary cons idera t ion  i n  t h e  observa t ion  programs has  been 

given t o  l o c a t i n g  products  of c i v i l i z a t i o n  i n  t h e  landscape. Astronauts  

turned t h e i r  a t t e n t i o n  mainly t o  t r a n s p o r t a t i o n  and communication l i n e s  

i n d u s t r i a l  o b j e c t s ,  e t c .  However, they made a number of. observa t ions  which 

i n d i c a t e  the  p o s s i b i l i t y  of us ing  v i s u a l  methods t o  s tudy  n a t u r a l  condi t ions .  

The a s t r o n a u t s  observed s t r u c t u r a l  f e a t u r e s  of t h e  cloud cover; c o l o r  p a t t e r n s  

\ 

4 

of the  t w i l i g h t  aureole  of the  Earth;  con tac t s  of b l u e  ocean waters wi th  brown . 
shades of channel river waters i n  undersea canyons; depths  of t h e  ocean f l o o r  

on banks and c o a s t a l  s h e l f s ;  f i e l d s  wi th  va r ious  a g r i c u l t u r a l  condi t ions ,  . 

e t c .  The a s t r o n a u t s '  observa t ions  a t tes t  t o  t h e  g r e a t  geometric d i sc r imina t ion  

of t h e  human eye which, as Cooper noted,  i nc reases  during weight lessness .  

The p o t e n t i a l i t i e s  of v i s u a l  observa t ions  from MSV are determined by a num- 

b e r  sf t e c h n i c a l ,  phys io log ica l  and geographical  f a c t o r s  which have, as y e t ,  

no t  been w e l l  researched (Narva, Muckler, 1963; Resta, 1965). 
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The prospec ts  of v i s u a l  observa t ions  of t h e  geophere from MSV i n d i c a t e  t h e i r  

very important ,  al though secondary, r o l e  i n  t h e  s tudy  of t h e  E a r t h ' s  n a t u r a l  

resources. They can be  d iv ided  i n t o  two p a r t s :  (1) s p e c i f i e d  and (2) unspec i f ied  

by t h e  program. 

I) Visual  observa t ions  s p e c i f i e d  by t h e  program could be  used f o r :  /88 
(1.1) pre l iminary  i d e n t i f i c a t i o n  of p ro jec t ed  o b j e c t s  of photography and spectro-  

metry; (1.2) choosing o b j e c t s  from a nirmber of analogous o b j e c t s ,  according 

t o  t h e  b e s t  photography and spectrometry condi t ions  (depending on cloud 

d i s t r i b u t i o n ,  i l l umina t ion ,  v i s i b i l i t y  and t ransparency of t h e  atmosphere) 

during t h e  f l i g h t .  

ob jec t s  of photography and spectrometry covered by clouds o r  by analogous 

ob jec t s  where t h e r e  w a s  no opaque cloud cove r ; '  (1.3) conducting photography - 
and spectrometry 

the  r e f l e c t i o n  c o e f f i c i e n t ;  during d i f f e r e n t  s o l a r  a l t i t u d e s ,  i l l umina t ion  and 

weaLher t o  determine n a t u r a l  photographic condi t ions  w i t h  var ious  f i l m s  

and f i l t e r s  i n  o rde r  t o  choose t h e  b e s t  recorder  f o r  n a t u r a l  resources;  (1.4) 
conducting experiments i d e n t i f y i n g  geometric and co lo r  tests t o  determine v i s i o n  

d i sc r imina t ion  i n  ou te r  space according t o  d i f f e r e n t  i l l umina t ion ,  viswl 
angle ,  phys io logica l  condi t ions ,  etc.  

1 

I n  t h i s  way i t  would be p o s s i b l e  t o  compensate f o r  s p e c i f i e d  

experiments on the  same o b j e c t s  i n  va r ious  a spec t s  t o  determine 

2). Visual  observa t ions  of t h e  Ea r th  from space veh ic l e s  (SV) n o t  Spec i f i ed  

by the  program inc lude :  (2.1) observa t ion  (and a l s o  photographic and spectro-  

metr ic  recording)  of n a t u r a l  o b j e c t s  and phenomena, the composition, s t r u c t u r e  

and d i s t r i b u t i o n  of which cannot be explained by t h e  astronaut-explorer  i n  

terms of s c i e n t i f i c  d a t a  known t o  him; (2.2) observa t ions  (and a l s o  photo-,  

g raphic  and spec t romet r ic  recording)  of n a t u r a l  and anthropogenic processes  and 

phenomena which have developed during t h e  f l i gh t :  and information which he  would 

n o t  have known during p r e f l i g h t  prepara t ion .  

by t h e  program could r e v e a l  a number of shor t - l ived  phenomena; traces of rain, 

h igh  t i d e s ,  l a n d s l i d e s ,  dammed l akes ,  f o r e s t  f i r e s ,  dust  and sand storms, 

seismic sea waves, vo lcan ic  e rupt ions ,  ear thquakes,  hur r icanes ,  etc. 

Such observa t ions  no t  s p e c i f i e d  
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2. Space Photography and Te lev i s ion  Reconnaissance 

O f  a l l  t h e  methods of recording t h e  electro-magnetic f i e l d  of t h e  geosphere ** 

f o r  s tudying n a t u r a l  r e sources ,  the g r e a t e s t  amount of information i s  given by 

photography i n  t h e  v i s i b l e  and n e a r  i n f r a - r ed  bands of t h e  spectrum (wavelengths 

from 300 t o  1100 nm). All images of t h e  Ea r th  i n  t h i s  s p e c t r a l  band, according 

t o  t h e  method of ob ta in ing  and analyzing them, can be  divided i n t o :  

o r i g i n a l  photographs obtained from SV o r  automatic s t a t i o n s  and r e tu rned  i n  
capsules  t o  t h e  Earth,  ,and ( 2 )  t e l e v i s i o n  images t r a n s m i t t e d  from a r t i f i c i a l  

Ea r th  sa te l l i t es  ( A E S )  and received on t e l e v i s i o n  channels on Earth.  Both 

methods have a number of advantages ( t h e  f irst  -- t h e  high d i sc r imina to ry  

capac i ty  of t h e  image, the second -- t h e  r e g u l a r i t y  of ob ta in ing  successive 

images of t h e  E a r t h F s  s u r f a c e )  and supplement each other .  

(1) 

The t r e n d s  of s c i e n t i f i c  development and p r a c t i c a l  a p p l i c a t i o n  of space  

photography and t e l e v i s i o n  reconnaissance are v a r i e d  and extensive.  

d i s c u s s  t h e  b a s i c  f e a t u r e s  of t h e i r  u s e  i n  s tudying i n d i v i d u a l  components 

of t h e  geosphere. 

We w i l l  

\ 

The most developed f i e l d s  of t h e  a p p l i c a t i o n  of sa te l l i te  reconnaisance 

are meteorology and atmospheric physics .  

i n  both t h e s e  branches. 

There is  ex tens ive  l i t e r a t u r e  

We w i l l  only mention a number of important works * 

which c h a r a c t e r i z e  and g e n e r a l i z e  t h e  b a s i c  t r ends  of the r e sea rch  (Kondratyev, 

196'3, 1966; Kondratyev, Bo'risenkov; Morozkin, 1966; Kondratyev, Avastye, 

Fedorova, Yakushevskaya, 1967). Te lev i s ion  reconnaissance of the E a r t h ' s  . 

cloud cover from t h e  American "Nimbus", and "ESSA" satellites and the Soviet '  

"Xeteor" have provided g l o b a l  information f o r  meteorological  s t u d i e s .  

reconnaissance has con t r ibu ted  much t o  science and the n a t i o n a l  economy. The 

development of r e sea rch  i n  th i s  f i e l d  h a s  now made necessary the automation of 

processing and analyzing the images obtained i n  th i s  region of the spectrum. 

Such 

/89 

I n  oceanography, i n t e r p r e t a t i o n  of space photographs from SV and t e l e v i s i o n  

images from AES has a l s o  given ou t s t and ing  r e s u l t s .  Great success i n  this 
# 
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f i e l d  has  a l s o  been reached i n  t h e  s tudy of ice cover d i s t r i b u t i o n  and dynamics 

(Teggart ,  1963; Wark, Pophan, 1963),  t h e  s tudy of ocean c u r r e n t s  (Wilkerson, 

1967)  and ocean s u r f a c e  (Moore, P ie rson ,  1967). A number of o t h e r  s t u d i e s  a l s o  

have in t e re sE ing  r e su l t s , a l though  they  remain problematic:  t h e  s tudy  of ocean 

f l o o r  r e l i e f  of c o a s t a l  she lves  and banks ( Z a i t z e f f ,  Sherman, 1968); t h e  

moveinent of schools  of f i s h  i n  c o r r e l a t i o n  with s a t e l l i t e - d a t a  about c u r r e n t s  

and temperature  condi t ions  of t h e  water ,  f lourescence  (Saur, 1965),  etc. 

In t h e  f i e l d  of land hydrology, the g r e a t e s t  s u c c e s s , h a s  been a t t a i n e d  i n  
A number of new ice sheet studying t h e  water d i s t r i b u t i o n  i n  t h e  s o l i d  state. 

s t r u c t u r e s  "oases", i s o l a t e d  mountains and thermal anomalies among them, and 

mountain g l a c i e r s  were s tud ied  by space images of Antartica, Greenland, and 

Cent ra l  A s i a  (Popham, Samuelson, 1965). For the f i r s t  t i m e  a s e q u e n t i a l  

o b j e c t i v e  p i c t u r e  w a s  obtained of t h e  descent  and formation of snow cover 

i n  v a l l e y s  and mountains. This  i s  e s p e c i a l l y  va luab le  f o r  p l aces  wi th  an 

inadequate  network of snow measuring s t a t i o n s  ( F r i t z ,  1963; 

. 

Tarble ,  1964). 

Ind iv idua l  cases ' of geo iog ica l  i n t e r p r e t a t i o n ,  e s p e c i a l l y  

space photographs obta ined  from SV, have a l s o  been ve ry  success fu l ,  al though 

they have n o t  received as much development as i n  t h e  f i e l d  of 

o l o g i c a l  and oceanographic research .  

s t r u c t u r e  were made wi th  t h e  d e t a i l s  of geologic  maps (scale 1:500 000). 

da ra  have been obtained about t h e  geo log ica l  s t r u c t u r e  of poorly s t u d i e d  reg ions .  

It has been found t h a t  space photographs conta in  more info'rmation than geo- 

l o g i c a l  maps of t he  same scale. 

a n a l y s i s  were conducted i n  t h e  Western Sahara (Morrison, Chown, 1965), 
Pak i s t an  (Hemphill, Dani lchik,  1968),  Southern Arabia (Meer Mohr, 1968) and 

t h e  Republich of Chad (Persora ,  1968). 

3f o r i g i n a l  
\ 

hydrometeor- 

I n t e r p r e t a t i o n s  of rocke t s  and t e c t o n i c  

New 
i . 

Successful  r eg iona l  experiments i n  geo log ica l  

Geomorphologic i n t e r p r e t a t i o n  i s  one of the promising t r ends  i n  t h e  u s e  of 

space photographs f o r  s tudying the 

s p e c i a l  p r o j e c t s  i n  t h i s  d i r e c t i o n .  

s p e c i a l  geographic program of sa te l l i te  reconnaissance.  By means of space 

Earth's sur face .  However, there are f e w  

This  i s  r e l a t e d  t o  the absence of a 
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S o i l ,  vege ta t ion ,  and a g r i c u l t u r a l  land i n t e r p r e t a t i o n s  remain t h e  least 

L .  .,- .- - < - ; c  ->:mtograpils as2 i nd i spu tab le .  . .  
.: 

In  s o i l  s c i ence  t h e r e  i s  only  one area i n  which space photography 

nay 'be used. re- 

serves i n  s o i l s  of l e v e l  reg ions  of t h e  s t eppe  and semi-desert  zones s h o r t l y  

afczr  a r a i n  (Hope, 1966).  

cai~es  t h e  inadequate  s c i e g t i f i c  and programmed development i n  t h i s  d i r e c t i o n .  

Space photographs could b e  used t o  c a l c u l a t e  the mois ture  

However, t h e  s m a l l  number of experiments only ind i -  

I 
T3e saae goes €or t h e  s tudy  of a g r i c u l t u r a l  l ands .  \ - / 9 0  I 

L,l :y '.p.,--.--.-.-"- <-.,<.i-a-.. --, --?.?-I= --I yy-L7-:-12---- ..+-Gd 1-s xP,laT'siun j.azges n2ke 

: -- .>s: L--c3 LO s iudy  micro- and mega-cozbinations o f  vege ta t ion  (Vinogyaclo%;: 

3 . 3 ~ 6 ~ ) ~  t o  map t h e  d i s t r i b u t i o n  and inspecc  t h e  condi t ion  of f o r e s t s  (Wilson, 
1 ? 0 7 ) ,  to d e t e c t  f o r e s t  f i r e s  (Singer ,  1962), and t o  t r a c e  phenological  vege- 

r ~ c i L m  (Conover, 1965). These i n i t i a l  observa t ions  have a l r eady  con t r ibu ted  

Troxis ing r e s u l t s .  

c 

The use  of spacephotography i n  biogeography is problematic,  a l though i n t e n s e  
research  i s  being c a r r i e d  on i n  t h i s  d i r e c t i o n .  The ord inary  observa t ion  method 

i n  Ehis f i e l d  i s  c o r r e l a t i o n  based on t h e  r e l a t i o n s h i p  between i n s e c t ,  f i s h  

and animal migra t ions  and t h e  dynamics of ecology. 

01o;;ical s i t u a t i o n ,  t h e  appearance of l o c u s t s  can be  p red ic t ed ,  (Sayer, 1962) 

and 337 analyzing oceanographic condi t ions ,  schools  of f i s h  (Saur, 1965), etc. 

By analyzing t h e  meteor- 
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The most promising i s  t h e  complex i n t e r p r e t a t i o n  of landscape from space 

images based on simultaneous a n a l y s i s  of d i f f e r i n g  o rde r ,  (zones, r eg ions ,  

landscape, d i s t r i c t s )  and combined i d e n t i f i c a t i o n  of i n d i v i d u a l  geospheric  

components (atmsophere, l i t h o s p h e r e ,  hydrosphere, biosphere,  and anthropo- 

sphere)  which are i n t e g r a t e d  i n t o  s p e c i f i c  systems (Vinogradov, 1967, 1969). 

Unlike t h e  l i m i t e d  SV r e sea rch  programs (meteorological ,  oceanographic, 

geo log ica l ,  e t c . )  which predominated i n  t h e  e a r l y  states of r e s e a r c h ,  t h e  

i d e a  i s  now being develbped of a complex program f o r  a many-faceted s tudy  of 

n a t u r a l  resources .  Such a program would make i t  p o s s i b l e ,  on one hand, t o  

con3ine the interests of v a r i o u s  d i s c i p l i n e s ,  and consequently,  t o  u s e  t h e  c o s t l y  

s a t e l l i t e  information more completely f o r  d i f f e r e n t  branches of s c i e n c e  and t h e  

natioiial ecoaomy. This would g r e a t l y  increase i ts  e f f i c i e n c y .  On t h e  o t h e r  

hand, i t  would be p o s s i b l e  t o  c o r r e c t  observat ions of one c y c l e  by o t h e r s ,  which 

would considerably increase i ts  accuracy and thoroughness. 

on ly  b e  completely r e a l i z e d  by a complex o r b i t a l  l a b o r a t o r y  program wi th  multi- 
d i s c i p l i n e  use of s a t e l l i t e  information f o r  n a t u r a l  r e source  research. 

being considered both i n  t h e  USA (Badiley,  V e s t ,  1966) and i n  the USSR (Yinogra-, 

dov, Kondratyev, Setpanenko 1968). 

Such an i d e a  could 

It is  

. 
Space Spectrometer Recording 

&king  u s e  of t h e  s p e c t r a l  d i f f e r e n c e s  i n  r a d i a t i o n  r e f l e c t i o n  by v a r i o u s  

naLural formations i n  t h e  v i s i b l e ,  n e a r  and f a r  bands of the spectrum and t h e  

s p e c t r a l  c h a r a c t e r i s t i c s  of t h e  thermal r a d i a t i o n  of n a t u r a l  s u r f a c e s ,  i n d i r e c t  

methods are now being developed t o  s o l v e  t h i s  problem: t o  i d e n t i f y ,  by 

s i g n a l s  received by r eco rde r s  placed i n  v a r i o u s  k inds  of vehicles, n a t u r a l  

f ormacions which are hundreds and thousandsq of k i lome te r s  away. 

Space spectrometry i s  based on recording r e f l e c t i o n  s p e c t r a  of s o l a r  

l i g h t  and t h e  Ea r th  s u r f a c e ' s  own r a d i a t i o n  i n  wavelength bands from X =, 300 m 

i" 
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! 

t o  t h e  microwave region.  

facf t h a t ,  by us ing  a p p r o p r i a t e  receivers and transmitters, i t  can g i v e  selective 

o p t i c a l  c h a r a c t e r i s t i c s  w i th in  narrow zones of t h e  spectrum. I f  necessary,  i t  * '  

can a l s o  c o r r e c t  i n d i v i d u a l  narrow-band s p e c t r a l  measurements. Thus, the 

s e l e c t i v i t y  of spec t romet r i c  recording makes it p o s s i b l e  t o  o b t a i n  new k i n d s  of /91 
information about t h e  Earth's s u r f a c e  which were n o t  p o s s i b l e  by o rd ina ry  

photography . 

The advantage of s p e c t r a l  reconnaissance lies i n  the 

Based on the n a t u r e  of t h e  receivers and information t ransmission,  space 
i 

spectrophotometry can be correspondingly divided i n t o  t h r e e  spectral bands: 

(1) v i s i b l e  and n e a r  i n f r a - r ed  (300 - 1100 nm) ,  (2) i n f r a - r ed  o r  thermal (1.1 - 
30 pin) and ( 3 )  microwave ( cen t ime te r  and decimeter r a d i a t i o n ) .  

3 .  Remote Spectrometer Recording (Wavelengths from .0.3 - 1.1 pm) 

The f i r s t  space s p e c t r a l  measurement of r e f l e c t i o n  and r a d i a t i o n  of 

Ea r th  formations were made A t  the same t ime,  

t o  s o l v e  t h e  problem of space spectrophotometry,  combined l abora to ry ,  ground 

and a i r c r a f t  measurements of albedo and s p e c t r a l  b r i g h t n e s s  cons t an t s  are v e r y  

i n p o r t a n t .  

specerometry of t h e  E a r t h ' s  s u r f a c e ,  as w e l l  as t o  determine t h e  requirements 

f o r  cons t ruc t ing  spec t romet r i c  i n s t rumen t s  i n s t a l l e d  i n  AES. 

from t h e  Soviet  SV "Soyuz-7". 

\ 

They are v a l u a b l e  t o  determine t h e  t h e o r e t i c a l  p o s s i b l i t i e s  of space 

% 

# 

Research on s p e c t r a l  brightne'ss c o e f f i c i e n t s  and albedo of n a t u r a l  

s u r f a c e s  has  been conducted from a i r c r a f t  i n  t h e  USSR and abroad f o r  many 

y e a r s  (see Kondratyev (ea.) ,  1969).  However,in view of t h e  extreme complex- 

i t y  of t h e  o p t i c a l  c h a r a c t e r i s t i c s  of n a t u r a l  o b j e c t s  and their many v a r i a t i o n s  

i t  has been f e a s i b l e  t o  d i v i d e  a l l  n a t u r a l  formations i n t o  only f o u r  classes 

(Krinov, 1947): 1 ) s o i l s  and rocks , ,  2) v e g e t a t i o n ,  3) snow and ice ,surfaces ,  

2nd 4 )  water su r faces .  I n  a d d i t i o n  t o  these ,  a s e p a r a t e  c l a s s i f i c a t i o n  w a s  

made f o r  cloud formations (Kondratyev, Mironova, O t to ,  1965). 



, 

More d e t a i l e d  spec t romet r i c  r e s e a r c h  i n d i c a t e s  a c l o s e r  r e l a t i o n s h i p  between 

s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s  and albedo, on one hand, and t h e  composition 

of n a t u r a l  o b j e c t s  on t h e  o the r .  

In  aer ia l  spectrophotometr ic  reconnaissance,  rocks are mainly d i f f e r e n t -  

i a t e d  i n  t h e  v i s i b l e  spectrum by t h e i r  mine ra l  con ten t  (Romanova, 1962). 

An a n a l y s i s  of s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s  i n  the v i s i b l e  spectrum is  so 

d e t a i l e d  t h a t  saads of d i f f e r e n t  o r i g i n  can b e  d i s t i n g u i s h e d  ( a l l u v i a l  and 

e l u v i a l ,  Roret-Dag and 'Pamir-Alaiskiy, etc.) . 
I 

Vegetation can b e  subdivided by s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s  accord- 

i ng  t o  l i f e  forms (Vinogradov, 1966b). Hydrophyte, mesophyte, xerophyte and 

halophyte formations are 

b r i g h t n e s s  c o e f f i c i e n t s .  Also d i f f e r e n t i a t e d  are a s p e c t s  which depend on 

phenological  development and ecology (Colwell, 1967; Shay, 1967). By 

1 

d i s t i n g u i s h e d  by t h e  d i s t r i b u t i o n  of s p e c t r a l  

t 

s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s ,  phytopathologic  reconnaissance of f o r e s t s  and 

c r o p s  

eye (Colwell ,  1956). Although t h e  whole spectrum is  more informative,  from 

the  p o i n t  of view of i n t e r p r e t i n g  d a t a  from sa t e l l i t e  measurements, reasonable .  

r e s u l t s  from s a t e l l i t e  spectrometry can b e  found i n  recording t h e  s p e c t r a l  

can be  conducted, and d i s e a s e s  de t ec t ed  be fo re  they are v i s i b l e  t o  the 

b r i g h t n e s s  c o e f f i c i e n t s  and albedo i n  two o r  narrower p a r t s  of the spectrum 

and determining t h e  c o e f f i c i e n t , o f  t h e i r  r e l a t i o n s h i p  (K).  Such c o e f f i c i e n t s  .L 

are chosen f o r  t h e i r  s e l e c t i v i t y  towards one o r  o t h e r  type of n a t u r a l  formation. 

Thus, I< 850/650 c l e a r l y  d i g e r e n t i a t e s  s u r f a c e s  covered w i t h  green v e g e t a t i o n  

(K 850/650 - 4 - 15), b a r e  soil and rock (K 850/650 = '1 .2  - 3.0) and snow /92' 
s u r f a c e s  (K 850/650 - 0.75 - 1.0) (Kondratyev, Mironova, Otto,  1965). A t  the 

same t i m e ,  w a t e r  s u r f a c e s  and clouds (water) (K 850/650 - 0.9 - 1.0) are n o t  

well d i s t i n g u i s h e d  from snow cover us ing  the mentioned K 850/650. 

o t h e r  types of n a t u r a l  formations,  corresponding c o e f f i c i e n t s  i n  o t h e r  bands 

can b e  suggested: f o r  example, f o r  spectrometry or" water s u r f a c e s  and shal low 

water depths  K 450/560 i s  recommended; f o r  Spectrometry of v e g e t a t i o n  -- 

To d i v i d e  

i 

E; 5 6 0 / 6 4 0 ,  etc .  
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'23s u s e  of corresponding va lues  of spectral .  b r i g h t n e s s  c o e f f i c i e n t s  provides  

t h e  basis of t h e  s o l u t i o n  of one of t h e  most d i f f i c u l t  problems of remote 

recording -- t h e  problem of d i s t i n g u i s h i n g  snow from clouds. An a n a l y s i s  of 

c lsud 2nd snow s u r f a c e  measurements shows t h a t  t h i s  case n e c e s s i t a t e s  supple- 

mentary r e f l e c t i o n  d a t a  i n  t h e  p a r t  of t h e  spectrum around X = 1.65 vm where 

c o n t r a s t s  between clouds and snow can reach 0.65 - 0.75 (Chapurskiy, 1968). 

4 .  Spectrophotometric Thermal Recording from Space a t  Wavelengths from 1.5 
t o  30 pm. 

G 

Ref lec t ion  and n a t u r a l  thermal. radiat ion s p e c t r a  are s p e c i f i c  f o r  v a r i o u s  

However, t h e  r e f l e c t i o n  s p e c t r a  i n  t h e  f a r  i n f r a - r ed  r eg ion  n a t u r a l  s u r f a c e s .  

( 3  - 30 pm)havebeen less w e l l  s t u d i e d  t h a n  i n  t h e  v i s i b l e  and near i n f r a -  

r e d  region.  

Encouraging material has  been obtained i n  d e t a i l e d  s tudy of minerals i n  

thermal r a d i a t i o n  s p e c t r a  from 1 t o  25 pm (Lyons, 1964). They i n d i c a t e  the 

p o s s i b i l i t y  i n  p r i n c i p l e  of i d e n t i f y i n g  rocks by thermal r a d i a t i o n  s p e c t r a .  

Curves f o r  t h e  s p e c t r a l  d i s t r i b u t i o n  of r a d i a t i o n  intensi ty  f o r  such mine ra l s  

as q u a r t z i t e ,  f e l d s p a r ,  d u n i t e  and ca lc i te  d i f f e r  g r e a t l y .  The b a s i c  c r i t e r i o n '  

i n  d i f f e r e n t i a t i n g  po l i shed  mine ra l s  is t h e  l o c a t i o n  of minimum r a d i a t i o n :  in  

q u a r r z i t e  a t  X = 8.4 and 9.2 pm; i n  f e l d s p a r ,  X = 8.6; 9.5 and 10.0 pm; and in 
d u n i t e  and calci te ,  a t  X = 11.2 and 11.4 pm, etc.  c 

The v e r y  important f a c t o r s  whic!i determine t h e  s p e c t r a l  f e a t u r e s  of thermal  

r a d i a t i o n  are s u r f a c e  roughness, p a r t i c l e  s i z e  and p h y s i c a l  f r a c t u r e s  on the 

s u r f a c e .  A s  a r u l e ,  the amount of r a d i a t i o n  dec reases  w i t h  i nc reased  s u r f a c e  

roughness, 

peak of t h e  v o l t a g e  curve i n c r e a s e s  from 0.62 t o  0.91. A t  the same t i m e ,  t h e r e  

i s  a dec rease  i n  t h e  s p e c i f i c  c h a r a c t e r  of t h e  s p e c t r a l  r e f l e c t i o n  curve, which 

can be  expressed by the s p e c t r a l  c o n t r a s t  I< 9/11 pm. 

an i n c r e a s e  of p a r t i c l e  s i z e  from 0 t o  0.61. 
i n d i v i d u a l  f e a t u r e s  of t h e  spectrum are "erased" in p ropor t ion  t o  the fragmen- 

t a t i o n  of t h e  sample. It h a s  been discovered that r a d i a t i o n  spectrum 

A t  X = 9.0 um, when p a r t i c l e  s i z e  dec reases  from 100 t o  1 urn, the 

The l a t te r  g e t s  l a r g e r  with 

These d a t a  show how s t r o n g l y  

, 
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i d m t i f i c a t i o n  of some minera ls  ( f o r  example, dun i t e  and g r a n i t e )  i s  p o s s i b l e  

only  when p a r t i c l e  s i z e  exceeds 100 vm. Thermal recording from space  w a s  

used t o  map subsur faces ,  measuring t h e  r a d i a t i o n  i n  v a r i o u s  bands from 3.5 - ,/93 
30 Crn from t h e  AES "Nimbus 11" and cons t ruc t ing  c h a r t s  of equiva len t  temperatures  

( P o q u e t ,  Raschke, 1968). 

Another promising t r e n d  i n  thermal recording is  the s tudy  of vo lcan ic  

fo rna t ions ,  t e c t o n i c a l l y  active regions and thermal zones (Friedman, W i l l i a m s ,  

1 9 5 8 ) .  A s  phJ tography4n bands from 3.5 - 5.5 and 8.15pm has shown, s i m i l a r  

phenomena are recorded i n  n ight t ime aerial reconnaissance from g r e a t  he igh t s  

(F isher ,  1964);  McLerran, 1967). Important r e s u l t s  have been a t t a i n e d  i n  therm 

probes of t h e  atmosphere from satell i tes (Kondratyev, Timofeyev, 1970). 

I n  hydro logica l  and oceanographic research ,  thermal recording can be  used 

t o  c h a r a c t e r i z e  va r ious  temperatures of water  su r faces ,  t u r b i d i t y ,  p o l l u t i o n s ,  

1 

, phytoplankton and c o a s t a l  water rvege ta t ion  (Kondratyev, Zhvalev, Ter-Markaryants, 

1967; Lopik, Pressman, Ludlum, 1968). Inf ra - red  photos,  obtained from A E S ,  i n  
chis s p e c t r a l  zone, can be used f o r  i c e  reconnaissance (McLerran, 19671, 

€o r  s tudying sea c u r r e n t s  and t h e  extent of water masses of va r ious  temperatures  

(WiPkerson, 1967),  and f o r  surveys of equiva len t  temperatures of the sea 

s u r f a c e  (Al l i son ,  Kennedy, 1967). 

% 

I n  s tudying p l a n t  cover,  t h e  thermal wavelength band (8 - 15.pm) can be  

used p r imar i ly  t o  d e t e c t  and de te rp ine  the ex ten t  of f o r e s t  f i r e s  when smoke 

i n t e r f e r e s  wi th  ord inary  aer ia l  photography (Carneggie, Lauer, 1966). As more 

d e t a i l e d  s t u d i e s  have shown, many types of vege ta t ion  show p e r c e p t i b l e  

differences i n  wavelength bands from 3.5 - 5.5 and 9-18,pm (Colwell, 1967). 

. .  
\ .. . 

5. Thermal Radar Recording from Space a t  Wavelengths from 0.3 - 10 cm. 

TherrnaP r ada r  reconnaissance records  r ad io  b r igh tness  temperatures and 

c m t r a s t s  of r ad io  b r igh tness  temperatures making i t  p o s s i b l e  t o  eva lua te  

energy c o n t r a s t s  of va r ious  geospheric  components by means of recording from 

space 0 

* I  
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I n  z m o s p h e r i c  r e sea rch ,  t h i s  band can be  used t o  s tudy t h e  g e n e r a l  water 

vapor  content  of t h e  atmosphere ( S t e a l i n ,  1967; Kondratyev, 1969). With the 

p r e c i s l o n  of s a t e l l i t e  measurements, t h e  g e n e r a l  mo i s tu re  content  amounts t o  8% 

a ~ d  t h e  moi s tu re  content  of clouds -- 15%. 

I n  oceanography and, hydrography t h e  microwave band can b e  used t o  d e t e c t  

i cebe rgs  and e v a l u a t e  ice ,  as r e f l e c t i o n s  i n  t h i s  s p e c t r a l  zone are g r e a t e r  

from water than from ice.  Also promising is  the u s e  of thermal r a d a r  t o  

measure the moisture  con5ent of snow (Kennedy, 1968) and t o  d e t e c t  p r e c i p i t a t i o n  

zones i n  cloud f i e l d s  (Stepanenko, 1966) .  

A i r c r a f t  r e sea rch  i n  t h i s  s p e c t r a l  zone has a l s o  d e t e c t e d  d i f f e r e n c e s  i n  
l and  areas. 

f o r e s t e d  l ands  (Hyatt ,  1967) .  

Thus, t e r r i t o r i e s  covered w i t h  f o r e s t s  are 5'K c o o l e r  t han  un- 

6. Radar Recording from Space 

Active space r a d a r  i s  a promising s o l u t i o n  t o  a number of recognizable  

problems -- f o r  example, s t u d i e s  of c louds and p r e c i p i t a t i o n .  

b a s i c  radar equat ion shows that  t h e  r equ i r ed  emission s t r e n g t h  and instrument  

s e n s i t i v i t y  is  p r e s e n t l y  adequate t o  provide t h e  energy r e s o l u t i o n  necessary 

t o  d e t e c t  l o c a l  i r r e g u l a r i t i e s  on t h e  E a r t h ' s  surface.  

are suggested t o  i d e n t i f y  d i f f e r e n t  o b j e c t s .  

An analysis 'of  a & 

. Various wavelengths , 

To d e t e c t  clouds and p r e c i p i t a t i o n  from satel l i tes  w i t h  a p r o b a b i l i t y  

n o t  lower t han  0.9, t h e  optimum wavelength band of 2 - 3 cm is  recommended 

(Kig le r ,  Krawitz,  1960; Stepanenko, 1966). Radar can a l s o  be  used t o  determine 

parameters of sea s u r f a c e  a g i t a t i o n  (Moore, Pierson,  1967; Zubkovich, Marchenko, 

1965) .  , 

and incohe ren t  components of radio-s ignal  r e f l e c t i o n s  from t h e  sea's su r face .  

I n  ae r i a l -bo rne  r a d a r  a t  wavelengths of 3 cm, th i s  method makes it  p o s s i b l e  t o  

show the  f o r c e  of a g i t a t i o n ,  t o  g i v e  information about the e f f e c t i v e  s l o p e  of 

The p r i n c i p l e  of a g i t a t i o n  research is  based on measuring coherent 

t h e  waves and t h e  existence of s m a l l  i r r e g u l a r i t i e s  on the sea su r face ,  and to 

d i s t i n g u i s h  wind waves from r i p p l e s ,  e t c .  
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For r a d a r  recording of ground formations,  t h e  optimum range is  between 

3 - 75 c m  (Dellwig, Moore, 1966).  The u s e  of r a d a r  demands mult i f requency 

and rnu l t ipo la r i z ing  systems t o  i n c r e a s e  t h e  q u a n t i t y  and accuracy of information. 

This l e a d s  i n  t u r n  t o  complex st 'atistical s i g n a l  processing t o  o b t a i n  i n f o A a t i o n  

~ i t h  t h e  necessary p r o b a b i l i t y .  

I n  ice  cover r e sea rch ,  radiowave recording can b e  used t o  d e t e c t  

i cebe rgs ,  t o  t r a c e  i ce  boundaries and t o  determine ice c l e a r i n g s  and sepa ra t ions .  
I ~t can r eco rd  p o s s i b l e  hummocky ice  and f i s s u r e s  i n  o l d  ice covered w i t h  snow 

(Dellwig, Moore, 1966; Loshchilov, Shkoinikov, 1965). 
6 

To s tudy  and trace a l and  hydrographic network it is necessary t o  l o c a t e  

In  e s t a b l i s h -  
* 

second-order r iver  systems and i n  some cases even third-order .  

i n g  c o r r e l a t i o n s  with topographic  parameters,  it becomes p o s s i b l e  t o  determine 

t h e  catchment bas in ,  b a s i n  pe r ime te r ,  t r i b u t a r y  l e n g t h  and s t e e p n e s s  of v a l l e y  

s lopes  (Moore, Simonett ,  1967). 

I n  g e o l o g i c a l  r e sea rch ,  by r a d a r  reconnaissance,  t h e  g e o l o g i c a l  s t r u c t u r e  . 
and composition of bedrock 

be found. 

depth of p e n e t r a t i o n  ( t o  3 - 4 m) and t h e  f a c t  t h a t  vege ta t ion ,  snow cover and 

clouds do n o t  e f f e c t  the i d e n t i f i c a t i o n  of bedrock (Simpson, 1966; Macdonald, 

Brennen, 1967; Dellwig, Moore, 1966). 

n o t  e s t a b l i s h e d  by o rd ina ry  aerial photographs can 
* 

The f u t u r e  advantages of microwave reconnaissance is  its cons ide rab le  

c 

I n  t h e  s tudy  of v e g e t a t i o n  and a g r i c u l t u r a l . l a n d s ,  r a d a r  r eco rd ing  can. 

dete-mine t h e  boundaries of f i e l d s  and f o r e s t s ,  areas and even k i n d s  of crops 

and l and  c l a s s i f i c a t i o n :  f o r e s t s ,  meadows, shrubbery,  swamps. I n d i c a t i o n s  are 

t h a t  t h e  p r e s e n t l y  inadequate  r e s u l t s  may be  e s s e n t i a l l y  improved by sa te l l i t e  

r a d a r  (Morian, Simonett, 1967; Moore, 1967). 
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S c i e n t i f i c  Tr' i n  Developing P r a c t i c a l  

Applicat ions of Space Geography_ 

I n  a b r i e f  ar t ic le ,  i t  i s  impossible  t o  cover a l l  t h e  many ways of develop- 

' /95 i n g  s2ace geography. We w i l l  n o t e  t h r e e  b a s i c  d i v i s i o n s  of t h i s  research:  - 
1) tile s tudy  of t h e  geosphere; 2) t h e  development of methods and techniques of 

space geography; 3) t h e  ' app l i ca t ion  of t h e  r e s u l t s  of space geography t o  the 

s tudy  of o t h e r  cosmic b'odies (space e x t r a p o l a t i o n ) .  

I n  view of t h e  b r e v i t y  of th is  account,  w e  w i l l  be l i m i t e d  t o  j u s t  the 

enumeration of t h e  b a s i c  s c i e n t i f i c  and p r a c t i c a l  t r e n d s  ( l eav ing  O U , ~  meteor- 

o i o g i c a l  problems). 

. 

1. The Study of t h e  Geosphere 

l.i Meteorology and atmospheric phys i c s  (no t  d i scussed  i n  t h i s  art icle).  

1 . 2  The sisudy of oceans and seas. \ 

1.2.1. Observation of ice-cover d i s t r i b u t i o n  and ocean c u r r e n t s  t o  

determine t h e  g l o b a l  s t r u c u t r e  of moi s tu re  and heat exchange. 

1.2.2 Observation of sea-ice movement t o  determine i t s  connection . 
w i t h  me teo ro log ica l  cond i t ions  and ocean c u r r e n t s  and w i t h  depth d i s t r i b u t i o n  

and water m a s s  c h a r a c t e r i s t i c s .  

1.2.3. Tracing t h e  t i m e  of formation and discovery of ice  cover and 

ice  f i e l d  d r i f t  t o  ma in ta in  nav iga t ion ,  f o r  t h e  f i s h i n g  i n d u s t r y  and f o r  

'short-range ice  p r e d i c t i o n s .  

1.2.4 The s tudy  and t r a c k i n g  of ocean c u r r e n t s  f o r  t h e -  c o n s t r u c t i o n  

of d e t a i l e d  ocean cu r ren t  c h a r t s  and t h e  s tudy of s easona l  c u r r e n t  migrat ions.  

1.2.5 Observations on c a t a s t r o p h i c  ocean.phenomena, such as under- 

water v o l c a n i c  e rup t ions  and seismic waves from r e s e a r c h  and o p e r a t i o n a l  

n o t i f i c a t i o n .  
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1.2 .6  Study of t i d a l  zones t o  determine their  dimensions, t o  cal- 

c u l a t e  t i d a l  energy, c o n s t r u c t  c o a s t a l  defenses ,  f o r  naval c o n s t r u c t i o n  and 

apTi i ca t ion  of t i d a l  energy. 

1 .2 .7  I d e n t i f i c a t i o n  of t h e  topography and l i t h o l o g i c  composition of 

underwater c o n t i n e n t a l  s l o p e s  t o  depths of 50 - 100 m t o  c h a r t  shal low water. 

1.3 Study of l and  water. 

1.3.1 Charting snow-cover d i s t r i b u t i o n ,  t r ack ing  t h e  formation and 

descent '  of snow cover9, determining thawing speed and i t s  e f f e c t  on t h e  growing 

season i n  o r d e r  t o  f o r e c a s t  river drainage,  t o  r e g u l a t e  r e s e r v o i r  levels, 

p l an  i n d u s t r i a l  and a g r i c u l t u r a l  water supply,  and des ign  water communications. 

1.3.2 Study of l a k e s ,  obse rva t ions  on t h e  d u r a t i o n  of lake ice, de-. 

t e m i n i n g  t h e  dynamics of f r e e z i n g  and discovery of ice, s tudy  of lake-bed 

relief, geomorphologic and geo log ic  c h a r a c t e r i s t i c s  of .a lake b a s i n  f o r  f i s h  

inclustry planning,  w a t e r  energy use ,  lake level r e g u l a t i o n  and opt imal  d i s -  

charge of water reserves f o r  i r r i g a t i o n .  

1.3.3 Inventorying mountain g l a c i e r s  and s tudying Arctic and Antarctic 

i c e  sheets, determining t h e i r  areas and volumes, g e n e t i c  c l a s s i f i c a t i o n ,  

c l a r i f y i n g  accumulation and a b l a t i o n  f i e l d s ,  geomorphologic and geo log ic  
\ 

c h a r a c t e r i s t i c s  of t h e i r  a t t i t u d e s  i n  o r d e r  t o  p r e d i c t  their dynamics, determine 

t h e i r  r o l e  i n  t h e  water balance,  and t h e i r  u s e  as f r e s h  water sources.  . 
1.3.4 To determine seasonal  f l ood ing  areas of s u r f a c e  water (flood- 

?lai-ns,  e s t u a r i e s )  to c a l c u l a t e  water c o l l e c t i o n s ,  f o r  s t o r i n g  s u r f a c e  d ra inage  

W S C ~ T  and water u s e  i n  a r i d  r eg ions  and planning i r r i g a t i o n  f loodp la ins .  

1.3.5 Tracing drainage systems, determining t h e i r  connection w i t h  

geonorphological cond i t ions  i n  o r d e r  t o  p l a n  engineer ing cons t ruc t ion ,  d r a i n  

marshlands, and c o l l e c t  s u r f a c e  w a t e r  i n  a r i d  zones. 

1.3.6 Hydrogeologic r e g i o n a l i z a t i o n ,  t r a c i n g  source d i s t r i b u t i o n ,  - /96 

arid f i n d i n g  ground water supply and discharge zones i n  o r d e r  t o  s tudy  the d i s -  

t r i b u t i o n  and dynamics of underground water. 

1 . 4  Study of geomorphologic s t r u c t u r e  and topography of relief. 

1.4..1 Study of the s p a t i a l  c o r r e l a t i o n  of l a r g e  g e n e t i c  relief 

1 6  

... . - .._IX __._._. 

i 
I 
I 



c o q > l a e s ,  f o r  example g l a c i a l  complexes i n  v a l l e y s ,  and p a r t i c u l a r l y  i n  n e a r l y  

i?- . ~ ~ c c e s s i b l e  I- 

f o r  g l o b a l  geomorphological cha r t ing  and r e g i o n a l i z a t i o n  i n  scales of 1:l 000 000 

and b e t t e r ,  and l o c a l  cha r t ing  i n  s c a l e s  of 1:500 000 and l a r g e r .  

mountain reg ions ,  more p r e c i s e  d e f i n i t i o n  of boundaries and genes i s  

1.4.2 Finding t h e  r e l a t i o n s h i p  of l a r g e  relief forms wi th  geo log ica l  

composition, wi th  geo log ica l  s t r u c t u r e s ,  e s p e c i a l l y  wi th  f a u l t - t e c t o n i c  forms, 

with ‘the composition of rocks i n  o rde r  t o  improve geo log ica l  cha r t ing  and 

mineral  prospect ing methods. 

1.4.3 Study of e ros ion  network diagrams showing sepa ra t ion ,  con- 

f i g u r a t i o n  and density;’  expla in ing  how the eros ion  network i s  connected w i t h  

var ious  morphogenetic types of r e l i e f ,  wi th  geologica l  composition f e a t u r e s  as 

t r a c e r s  of geomorphologic mapping i n  o rde r  t o  s tudy e ros ion  processes ,  

sur f  ace water  drainage and r av ine  networks. e 

1.4.4 Study of l a k e  bas ins  and va r ious  k inds  of depressions ( s i n k  

ho le s ,  caves, pseudocaves), t h e i r  conf igura t ion  and d i s t r i b u t i o n  o r i e n t a t i o n ,  

morphology and genes is ,  comparative f e a t u r e s  of t h e i r  development i n  va r ious  

na tu ra1  zones f o r  geomorphological and geological-engineer ing research.  

1.4.5 Explanat ion of t h e  d i s t r i b u t i o n  of e o l i a n  forms, t h e i r  con- 

f i g u r a t i o n ,  o r i e n t a t i o n ,  connection wi th  orography, wi th  t h e  wind regime of  . 
surroundlng t e r r i t o r i e s  i n  va r ious  n a t u r a l  zones i n  o r d e r  to eva lua te  p l a n t  

reclamation,  sand defense and t r a n s p o r t a t i o n  cons t ruc t ion .  

1.4.6 Detect ion of va r ious  k inds  of l ineaments  (e ros ion  and t e c t o n i c  . 
t e r r a c e s ) ,  t r a c i n g  t h e i r  course i n  l a r g e  areas, determining t h e i r  r e l a t i o n -  

s h i p  wi th  geo log ica l  s t r u c t u r e  and,paleogeography. 

1 .4 .7  Study of seacoas t  and lake-region s t r u c t u r e ,  s tudy of d e l t a  

reg ions ,  revea l ing  sea and l a k e  terraces of va r ious  ages f o r  paleogeographic 

a n a l y s i s  of t h e  t e r r i t o r y  and geologic-engineering research. 

1.4.8 Obtaining convergent photography and developing photogrammetric 

methods of space photography of t h e  Ea r th  i n  order  t o  determine eLevations 

i n  compiling topographic maps of poorly-studied zind d i f f i cu l t - to - r each  

t e r r i t o r i e s .  

, 
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1.5 The s tudy  of geo log ica l  s t r u c t u r e s  and mine ra l  prospect ing.  

1.5.1 Study of p l a n e t a r y  f a u l t i n g  f o r  determining t h e  g e n e r a l  

development of t h e  E a r t h ' s  c r u s t  and megatectonic s t r u c t u r e ,  l o c a t i n g  zones 

of p o s s i b l e  mine ra l  depos i t s .  

1 .5 .2  Study of l ineaments ,  d e t e c t i o n  of new ones, more p r e c i s e  de- 

f i n i t i o n  of known f a u l t - t y p e  t e c t o n i c  i r r e g u l a y i t i e s ,  e s p e c i a l l y  i n  hard-to- 

reach and poorly-studied t e r r i t o r i e s  and a l s o  where t h e y  are concealed by l o o s e  

Quaternary d e p o s i t s  f o r  compiling middle and f i n e - s c a l e  t e c t o n i c  and g e o l o g i c  
.. 

1nap.s. \ 

1.5.3 Study of fo lded  s t r u c t u r a l  forms, f i n d i n g  broken dome-shaped 

s t r u c t u r e s ,  t r a c i n g  r i n g - l i k e  megastructures  and g e o l o g i c a l  mapping, scanning 

promising areas f o r  o i l  and gas depos i t s .  

fo lded  and f a u l t e d  g e o l o g i c a l  s t r u c t u r e s  i n  g e o l o g i c a l  r e s e a r c h  t o  determine 

promising mine ra l  d e p o s i t s  zones. 

Finding t h e  i n t e r r e l a t i o n s h i p  of 

.. . . 

1.5.4 Tracing i n d i v i d u a l  geo log ica l  series, stacks and rocks of 197 
marker s t r a t i g r a p h i c  beds f o r  middle and f ine-sca legeologica lmapping  i n  scales 

of 1:l 000 000, 1:500 000 and l a r g e r .  

1.5.5 Study of analogous g e o l o g i c a l  s t r u c t u r e s  i n  l a r g e ' r e g i o d s  f o r  

t h e  c o n s t r u c t i o n  of c o r r e l a t e d  g e o l o g i c a l  diagrams, comparison of remote 

t e r r i t o r i e s  which are s i m i l a r  i n  c e r t a i n  f e a t u r e s  (geomorphological, magnetic) 

f o r  t h e  cons t ruc t ion  of a world geo log ic  map (scale 1:l 000 000). . 
1.5.6 U s e  of i n f r a - r e d  r e c o r d e r s  f o r  d e t e c t i n g  h e a t  anomalies a long 

t e c t o n i c  c o n t a c t  zones and v o l c a n i d a l l y  active areas t o  p r e d i c t  ear thquakes,  

. v o l c a n i c  e rup t ions  and f o r  f i n d i n g  mine ra l s  having long wave r a d i a t i o n .  

1 .5 .7  The u s e  of u l t r a v i o l e t  r e c o r d e r s  f o r  f i n d i n g  mine ra l  depos i t s ,  

havk: h i g h  shortwave r e f l e c t i o n .  

1.5.8 Evaluat ion of t h e  engineer ing and mi l i t a ry -eng inee r ing  con- 

d i t i o n s  of a l o c a t i o n :  p e n e t r a b i l i t y ,  e n c l o s a b i l i t y ,  camouflage, and presence 

of bu i ld ing  materials f o r  mi l i t a ry -eng inee r ing  maps and p red ic t ions .  



1..G Study of s o i l  cover 

1.6.1 Observat ions on t h e  d i s t r i b u t i o n  of s o i l  types  and t h e  most 

L.,ti,~tr;ct - . 7 - ^ - -  i n d i c e s  of s o i l s  i n  order  t o  cons t ruc t  s p e c i f i c  s o i l  maps o n  a scale 

G $  1:l 000 000 and f i n e r  and f o r  soi l -geographic  r e g i o n a l i z a t i o n .  
~ 

1.6.2 T e r r i t o r i a l  g e n e r a l i z a t i o n  of s o i l  d i f f e r e n c e s  f o r  f ind ing  

soil types  i n  determining s p e c i f i c  mapping and r e g i o n a l i z a t i o n  u n i t s .  

1 .6 .3  Determining t e r r i t o r i e s  s u b j e c t  t o  s o i l  e ros ion ,  bo th  water 

and wind, f o r  c a l c u l a t i n g  eroded s o i l  areas, r e v i s i o n  of o l d  maps, i n spec t ion  of 

S ~ C S ~ O R  i n t e n s i t y  and' p l a n t  reclamarion reconnaissance of t h e  Earth. 

I. 6 .4  GbsLnration of t h e  e x t e n t  of s a l i n a t e d '  s o i l s ,  c a l c u l a t i o n . o f  - 

r e l a t i v e  p ropor t ions  of s a l i n a t e d  s o i l s  i n  mass i f s ,  t r a c i n g  t h e  dynamics of 

s a l k i z a t i o n  and the  water regime of s o i l s  and geomorphological and geo log ica l  

soil s a l i n i z a t i o n  f o r  planning reclamation systems. 

1.6.5 Observat ions of s o i l - s u r f a c e  mois ture ,  i t s  d i s t r i b u t i o n  i n  

l a r g e  t e r r i t o r i e s ,  t r a c i n g  d i u r n a l  and annual  dynamics, c a l c u l a t i n g  moi s tu re  

reserves i n  the  upper s o i l  l a y e r s  f o r  agrometeorological  p r e d i c t i o n s  and evalua-, 

t i o n  of a g r i c u l t u r a l  water supply. 

1 . 7  Study of vege ta t ion  cover. .. 
1 . 7 . 1  Study of the n a t u r a l  d i s t r i b u t i o n  of vege ta t ion  and determining 

the  s i z e  of t e r r i t o r i a l  mapping u n i t s  f o r  cons t ruc t ing  s p e c i f i c  middle and f ine-  
s c a l e  geobotanic  maps. . 

1.7.2 Finding vege ta t ion  zones and boundary s t r u c t u r e s  between 

zones i n  o rde r  t o  c o n s t r u c t  g l o b a l  diagrams of t h e  vege ta t ion  cover. 

1.7.3 Fine-scale  r e g i o n a l i z a t i o n  and mapping of vege ta t ion  i n  o rde r  ~ 

t o  c o n s t r u c t  an o b j e c t i v e  and s p e c i f i c  u n i f i e d  map of world v e g e t a t i o n  (scale 

1:I. 000 000) .  

1.7 .4  Study of seasona l  changes i n  v e g e t a t i o n  i n  l a r g e  areas as the 

b a s i s  f o r  more d e t a i l e d  mapping of s easona l  p l a n t  mass changes and a l s o  f o r  

f ind ing  y e a r l y  anomalies i n  p l a n t  development, of advance o r  de lay ,  for planning 

pas tu r ing ,  r e d i s t r i b u t i o n  fo rage  s u p p l i e s  and p r e d i c t i n g  crop y i e l d .  

19 



1.7.5 Study of t h e  d i s t r i b u t i o n  of t h e  v e g e t a t i v e  biomass i n  l a r g e  

srcas i n  o r d e r  t o  c a c u l a t e  p a s t u r e  p r o d u c t i v i t y  and hay-producing p l a n t s ,  

espc.ci:illy s h o r t  l a s t i n g  var ie t ies  i n  deserts, t o  c a l c u l a t e  timber reserves in 
f o r e s t  p l a n t i n g s  and t o  p l a n  e f f i c i e n t  u s e  of p l a n t  resources .  

1 . 7 . 6  Detect ion of f i res  i n  f o r e s t s  and s t eppes  f o r  r a p i d  information 

about t h e i r  o r i g i n .  

1 . 7 . 7  Entomological i n s p e c t i o n  of f o r e s t s ,  d e t e c t i o n ’ o f  sou rces  and 

e x t e n t  of some p e s t s  and d i s e a s e s  i n  o r d e r  t o  develop e f f e c t i v e  means of 

f i g h t ing them. 
‘I 

1.7.8 I n s p e c t i o n  of f o r e s t  r e sources ,  p l a n t  condi t ions and e s p e c i a l l y  

t r a c i n g  t h e  dynamics of f e l l i n g  t imber and c a t a s t r o p h i c  p l a n t  r educ t ion  t o  
c o n t r o l  and conserve na tu re .  

1 .8  Study of the, animal. world. 

1 .8 .1  Finding breeding sources  and mig ra t ion  r o u t e s  of insects t h a t  

are harmful t o  p l a n t s  ( l o c u s t ,  silkworms) based on a p p r o p r i a t e  i n d i c e s  i n  

order  t o  t a k e  quick and e f f e c t i v e  measurement t o  p r o t e c t  f o r e s t s  and 

a g r i c u l t u r e  from p e s t s .  

1.8.2 Search f o r  and d e t e c t i o n  of l a r g e  types of ground and w a t e r  

fauna, c a l c u l a t i o n  of reserves and t r a c i n g  mig ra t ion  f o r  c o r r e c t  l o c a t i o n  

of bases  f o r  processing food from t h e  sea. 
c 

1.8.3 Forecas t ing  annual migrat ion of fauna by i n d i r e c t  d e t e c t i o n  

as well. as d i r e c t l y  -- depending on t h e  d u r a t i o n  and depth of t h e  snow cover -- 
i n  c o a s t a l  rivers and r e s e r v o i r s  i& o r d e r  t o  p l a n  f i s h  y i e l d  and reproduction. 

1.8.4 P r e d i c t i n g  f i s h  mig ra t ion  by accompanying oceanographic and 

me teo ro log ica l  readings of c u r r e n t s  and a i r  m a s s  movements i n  o r d e r  t o  f i n d  ’ 

f i s h i n g  areas. 

1.8.5 Study of biocomplexes t o  f i n d  t h e  r e l a t i o n s h i p  of the animal and 

p l a n t  world w i t h  t h e  environment f o r  i ts  p r o t e c t i o n  and reproduct ion.  

1 . 9  Study of a g r i c u l t u r a l  lands.  

1 .9 .1  Photography and v i s u a l  obse rva t ions  of t h e  d i s t r i b u t i o n  of 

a r a b l e  l ands  and determinat ion of y e a r l y  changes i n  i t s  area i n  o r d e r  t o  

c a l c u l a t e  land-use dynamics. 
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.. 
1.9.2 Tracking a g r i c u l t u r a l  areas to determine t h e i r  composition 

i n  arable l ands  and t h e  dynamics of crop and r o t a t i o n  systems. 

1.9.3 Inspec t ion  of t h e  a g r i c u l t u r a l  area condi t ions ,  a l t i t u d e ,  

i s o l a t i o n ,  r i pen ing ,  disease e f f e c t ,  recovery,  etc. i n  o r d e r  t o  f o r e c a s t  

y i e l d  of b a s i c  g r a i n  crops.  

1.9.4 Observat ions of a g r i c u l t u r a l  r eg ions  i n  v a r i 6 u s  s p e c t r a l  . 

regions to f i n d  areas s u b j e c t  t o  d i s e a s e s .  

1;lO Study of i n d u s t r i a l  and urban landscape. 
$ 

1.10.1 Study of r e s e r v o i r  zones p o l l u t e d  by waste l i q u i d s .  from 

urban, chemical, petroleum and wood process ing  sources  i n  o rde r  t o  determine 

t h e i r  e x t e n t  and t o  p r o j e c t  measu res ’ fo r  f i g h t i n g  water p o l l u t i o n .  

1.3.0.2 Finding a i r  zones p o l l u t e d  by the smoke from chemical and 

metallurgical p l a n t s  and zones of p l a n t  poisoning. 

1.10.3 Determining zones of damage t o  primary landscape s t r u c t u r e  by 

cons t ruc t ion  and f i n d i n g  the  nega t ive  r e s u l t s  of these changes i n  time t o  take ’ 

measures t o  f i g h t  them. 

1.10.4. Determining t h e  s t r u c t u r e  of populated areas, s tudy  of their  

d y n m i c s  and f o r e c a s t i n g  t h e i r  development f o r  planning cons t ruc t ion  aQd 

popuI.aci.cn l oca t ion .  

1.10.5 In f luence  of cons t ruc t ion  on t h e  mob i l i t y  of sand, i ts e o l i a n  

4 

/99 
transport and savd d r i f t 3  f o r  p r o j e c t i o n  of sand defense  measures. 

1,lO.b In f luence  of cons t ruc t ion  on dra inage  of s u r f a c e  water, change 

cf river bed migra t ion  cond i t ions  -- f o r  f o r e c a s t i n g  underground water con- 

d i r i o n s .  

1.11 Complex(1andscape ) research. 

1.11.1 Finding n a t u r a l  t e r r i t o r i a l  complexes ranging from d i f f e r e n t  

k i n d s  of l o c a l i t i e s  t o  reg ions  and sectors of l and  f o r  mapping and r eg iona l i za -  

t i o n  i n  var ious  scales (1:lOO 000 - 1:50 000 000). Each of these n a t u r a l  

c o q l e x e s  i s  cha rac t e r i zed  by s p e c i f i c ,  more o r  less uniform, climate, g e o l o g i c a l  

ccrngositi.cn, re l ief ,  vege ta t ion  and s o i l s .  This  i s  considered i n  planning 

cori?$ex development of a t e r r i t o r y  and all-around u s e  of n a t u r a l  resources .  



1.11.2 Determining t h e  i n t e r r e l a t i o n  between v a r i o u s  elements of 

tile geosphere: between meteorological  phenomena and r e l i e f ,  between cu r ren t  

dirccrions and ice  cover, between g e o l o g i c a l  s t r u c t u r e  and d i s t r i b u t i o n  of snow 

cover,  e tc . ,  f o r  t h e  c r e a t i o n  of all-around in t e rconnec ted  l and  u s e  programs. 8 

1.11.3 Determining combined dynamics of v a r i o u s  landscape components 

i n  o r d e r  t o  f i n d  cause-effect  r e l a t i o n s  between them.  

2. Development of Methods and Techniques of Space Geography 

Along wi th  t h e  problems of s tudying c e r t a i n  f e a t u r e s  of t h e  geosphere, in 
space 

t e c h n i c a l  and n a t u r a l  cond i t ions  of observat ion,  photography and spectrometry of 

geography t h e r e  are a l s o  methodological problems of determining 

t h e  Ea r th  from Guter space.  

2 .1  Determining t e c h n i c a l  photography condi t ions.  

2.1.1 Study of s p e c t r a l  b r i g h t n e s s  c o e f f i c i e n t s  of n a t u r a l  formations 

and l i g h t  s c a t t e r i n g  index i n  o r d e r  t o  choose the b e s t  s p e c t r a l  bands f o r  sur- 

veying n a t u r a l  o b j e c t s  w i t h  r eco rde r s  of va r ious  s p e c t r a l  s e n s t i v i t y .  

2.1.2 Spectrozonal  photography of the E a r t h  using v a r i o u s  films 

with v a r i o u s  o p t i c a l  f i l t e r s  i n  o r d e r  t o  choose the b e s t  f i l m - f i l t e r  

conbinat ion f o r  surveying ground o b j e c t s .  

' 

2.1.3 Reconnaissance i n  v a r i o u s  scales f r o =  v a r i o u s  a l t i t u d e s  w i t h  

v a r i o u s  ground r e s o l u t i o n s  f o r  s tudying geometric and o p t i c a l  g e n e r a l i z a t i o n  in' I 

t r a n s f e r r i n g  from l a r g e r t o  s u p e r f i n e  space scales. Th i s  i s  f o r  choosing 

and recommending necessa ry  scale; f o r  surveying s p e c i f i c  groups of o b j e c t s  

i and f i n d i n g  a b a s i c  set  of  scales f o r  ob ta in ing  information of adequate  . 
d e t a i l  and a t  t h e  same t i m e  of adequate s i z e .  , 

2.1.4 Surveys i n  the l a r g e s t  p o s s i b l e  scales t o  determine maximum 

i scale and p o t e n t i a l  l i m i t s  f o r  t h e  most d e t a i l e d  information. I 

2.2 Determining n a t u r a l  reconnaissance condi t ions.  

2.2.1 Study of o p t i c a l  p r o p e r t i e s  of i h e  atmosphere, such as the 

o p t i c a l  s p e c t r a l  t r a n s m i t t i n g  func t ion ,  a f f e c t i n g  photographic and spectro-  

s cop ic  reproduct ion of geospheric  elements by receivers i n  Mv. 
I 
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2.2.2 Conducting t h e o r e t i c a l  and empir ica l  research  on the  in f luence  

o f  : > E  of day, type of weather and season of the  survey on the reproduct ion 

o; , cos?her ic  d e t a i l s ,  t h e i r  s t a b i l i t y  and choice of optimum t i m e  f o r  survey- 

Lilg ob jec t s  i n  va r ious  geographic zones and landscapes.  

2.2.3 Beconnaissance of va r ious  a spec t s  of n a t u r a l  o b j e c t s  f o r  

studying the  p o s s i b i l i t i e s  of ob ta in ing  su r face  f e a t u r e s  of the Ear th  

cfioosir,g opt imal  parameters of azimuth and o p t i c a l  axis i n c l i n a t i o n  i n  photo- 

gra?hing t h e  su r faces  of va r ious  morphological s t r u c t u r e s .  

and 

i ' .  

The Value of Space Geography f o r  Space 
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Space research of the Earth s imula tes  t h e  s tudy  of p o s s i b l e  space 

analogues of s e v e r a l  Ea r th  ob jec t s .  Therefore ,  many s t u d i e s  emphasize t h a t  

space photography of t he  Ear th  w i l l  be  t h e  source of material f o r  i n t e r p r e t a t i o n  

of plaDets (Lowman, 1966; Vinogradov 1966a, e t c ) .  S imi la r  space e x t r a p o l a t i o n  

of ground and a i r  spec t romet r ic  and photographic methods and cr i ter ia  has 

developed i n  a number of d i r e c t i o n s .  

of Mars, i t  was es t ab l i shed  t h a t  i t s  s u r f a c e  w a s  analogous i n  t e x t u r e  t o  cold,  

e leva ted  mountain d e s e r t  a r eas  of t he  Ea r th  (Pamir and Jungar) (Tikhov, 1949). 

American s t u d i e s  a l s o  f i n d  a phys ica l  anal.ogy i n  analyzing s p e c t r a  of Mars and 

the  Earth (Gates, Keegan, Weidner, 1966). I n  t h e  "canals" of Mars, some geo 

areographs (Suslov, 1962) see an analogy wi th  f a u l t - t e c t o n i c  l i n e s  on Ear th ,  

whose images i n  aer ia l  photographs correspond t o  bands of increased  mois ture  

along f a u l t s  i n  the  gray-brown background of t he  d e s e r t .  Fine-scale 

a e r i a l  photographs of huge Ear th  craters are being s tud ied  f o r  i n t e r p r e t a t i o n  

of photographs of l una r  craters (Genoweth, 1962) .  I n  s tudying the eveness 

of t h e  Moon's su r f ace  analogously wi th  t h e  t e x t u r e  of va r ious  

conclusions were drawn about t h e  cha rac t e r  of t h e  l u n a r  s u r f a c e  (S i t inskaya ,  

1964,  1959) which w e r e  l a t e r  confirmed. 

In studying the eveness of the su;face 
.1 

. 

Earth su r faces ,  

Recttntly, research  of key ground regions has  become still more spec ia l i zed .  

I n  a s p u c i a l  program u s i n g ' o r b i t a l  s p a c e c r a f t  f o r  s tudying n a t u r a l  resources ,  
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a. s c c c i o n  was set up  t o  s tudy  key r eg ions  on E a r t h  as p o s s i b l e  l u n a r  analogues 

('3dslq1, Chids, F i s h e r ,  1965) A l a r g e  p o r t i o n  of t h e s e  s t u d i e s  h a s  been de- 

v o t a i  ;o t h e  in f luence  of o p t i c a l  and geometric g e n e r a l i z a t i o n  on t ransformation * 

or' inases. Data about t h e  s p e c t r a l  com2osition of i n f r a - r e d  r e f l e c t i o n  can 

s l s o  be used t o  judge t h e  mine ra log ica l  composition of the s u r f a c e  of p l a n e t a r y  

rocks (Lyon, 1964).  

Conclusion -- 
6 

I n  conclusion, w e  must n o t e  t h e  complex and m u l t i f a c e t e d  problem of 

surveying t h e  Ea r th  from space,  bo th  by obse rva t ion  and d a t a  processing methods. 

By obse rva t ion  methods w e  mean v i s u a l ,  photographic,  spectrophotometr ic  and 

thermal,  radiothermal  and r a d a r  surveys.  

atmospheric physics  and meteorology, oceanography and l and  hydrology, geology 

and geomorphology, s o i l  s c i ence  and l i t hography ,  i n  crop and a g r i c u l t u r a l  

landscape s t u d i e s .  

v e h i c l e s  f o r  sensing t h e  electromagnet ic  f i e l d  of t h e  E a r t h  i n  v a r i o u s  wave- 

l eng ths  creates well-known t e c h n i c a l  d i E f i c u l t i e s  i n  cons t ruc t ing  an 

o r b i t a l  l abo ra to ry  t o  s tudy n a t u r a l  resources .  

e l y  necessary f o r  a more o r  less s u c c e s s f u l  s tudy of n a t u r a l  r e sources  because: 

1) mutual c o n t r o l  of v a r i o u s  r eco rde r s  considerably increases t h e  accuracy 

of each s e p a r a t e  type of i n f o m a t i o n  obtained about t h e  s u r f a c e  of t h e  Earth;  * 

2) t he  a d d i t i o n  of v a r i o u s  r eco rd ing  receivers, mounted on space v e h i c l e s ,  

i n c r e a s e s  t h e  q u a n t i t y  of informatfon much more than t h e  number of r eco rde r s  

i s  increased;  3) an inc reased  number of receivers a l s o  increases t h e  volume of 

information more than t h e  number of r e c e i v i n g  channels i s  increased;  4 )  i n  view 
of t h e  f a c t  t h a t  receivers placed i n  space v e h i c l e s  r eco rd  r e f l e c t i o n  and 

r a d i a t i o n  s imultaneously from v a r i o u s  components of the geosphere (atmosphere, 

l i t h o s p h e r e ,  hydrosphere, biosphere and anthroposphere) and va r ious  t e r r i t o r i e s ,  

spase measurements of t he  E a r t h ' s  e lectromagnet ic  f i e l d  should have mult i -  

d i s c i p l i n e  u s e s  i n  n a t u r a l  resource r e sea rch .  

Their  u ses  are s t i l l  more v a r i e d  : ixi 

The complexity of i n s t a l l i n g  v a r i o u s  u n i t s  i n  space 

Such complex u n i t s  are absolut-* 



TE connection wi th  t h e  above, i t  can be  concluded t h a t  one of t h e  l e a d i n g  

~ r c b l m s  i n  t h e  nex t  5 - 10 y e a r s  i n  t h e  space geography f i e l d  must be the 

dsvelopment and r e a l i z a t i o n  of a comprehensive o r b i t a l  space s t a t i o n  f o r  

szudying  n a t u r a l  resources  wi th  systems t h a t  record t h e  electromagnet ic  f i e l d  

of the Earch i n  v a r i o u s  s p e c t r a l  bands. Such a s t a t i o n  as a l a r g e ,  manned, 

long-functioning 

hcaihi.:y of Sciences,  academician M. V. Keldysh, a t  a p r e s s  conference on 

3ovc::ber 4 ,  1969. 

l a b o r a t o r y  w a s  d i scussed  by the p r e s i d e n t  of the USSR 

b 

A. A ,  Zhdanov Leningrad S t a t e  Universi ty  

UCK : 629 e 198.3 : 330.15 : 911.2 
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